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1. Introduction and Summary 

Study of different configurations of branes provides us information about their dynamics 
and properties of gauge theories that reside in them. One such an interesting configuration 
of space filling intersecting D-branes are D5-branes intersecting over 1 + 1 dimensions [l|. 
The characteristic property of such a configurations is that they describe chiral theories 
in intersection domain. Further, as was observed in [^ there is an interesting symmetry 
enhancement where the Poincare symmetry is enhancements from 50(1,1) to S0{1,2) 
and the number of supersymmetries is doubled ^. In fact, using the standard ideas of 
holography one could expect that the dynamics at the 1 + 1 dimensional intersection of the 
two sets of fivebranes should be holographically related to a 2 + 1 dimensional bulk theory, 
with the extra dimension being the radial direction away from the intersection. However as 
was nicely shown in ^] the bulk description includes two radial directions away from each 
set of fivebranes, and is 3 + 1 dimensional and hence the corresponding boundary theory is 
2 + 1 dimensional. More precisely, the strong coupling limit of the system is described as a 
stack of intersecting NS5-branes. When all the fivebranes are coincident, the near-horizon 
geometry is 

i?2.i xR^x SU{2)k, X SU{2)k, . (1.1) 

Here, R^ is one combination of the radial directions away from the two sets of fivebranes, 
and the coordinates of R^'^ are x^,x^ and another combination of the two radial direc- 
tions. The two SU{2)s describe the angular three-spheres corresponding to (i?^)2345 and 
(i?'^)6789- The fact that (|1.1D is an exact solution of the classical string theory equations of 
motion allows us to obtain information about the intersecting fivebrane system, which is 
not accessible via a gauge theory analysis. 

As it is clear from (|1.1]) the geometry (1.1) exhibits a higher symmetry than the full 



brane configuration. In particular, the combination of radial directions away from the 
intersection that enters R^'^ appears symmetrically with the other spatial direction, and 



^For some relevant works, see [|, |, |, |, |, |, § 0, [III, |I| 



the background has a higher Poincare symmetry, IS0{2, 1), than the expected ISO{l, 1) 

2 

This background geometry has many unusual properties and certainly deserves better 
understanding. The holographic mapping between field theory living on the I-brane inter- 
section and the bulk theory were studied in Q. On the other hand it is also well known 
from the study of AdS/CFT correspondence that it is possible to derive information about 
the boundary CFT theory from the study of the semiclassical string and Dl-brane config- 
urations in the bulk of AdS^ ^ . 

These recent developments give us the motivation to investigate semiclassical strings 
in I-brane background as well. In this paper we would like to investigate multispin rotating 
string and Dl-brane solutions, having angular momenta in both three-spheres of I-brane 
background. Our goal is to find relation between energy and corresponding conserved 
charges. Unfortunately due to the limited amount of information about dual world- volume 
I-brane theory we will not be able to compare them with their dual counterparts. On the 
other hand we mean that it is useful exercise to study the dynamics of fundamental string 
and Dl-brane in such a non-trivial background. 

In fact, it turns out that the presence of a non-trivial NS two form field has an im- 
portant consequences for the dynamics of string or D-brane. Explicitly, in order to find 
relation between energy and conserved charges we have to consider situation when string 
moves on both spheres S^ simultaneously. Then we find that the dependence of energy on 
the conserved charges takes similar form as an ordinary relativistic relation between energy 
and momenta with the exception that the conserved charges related to the motion on the 
second three-sphere are functions of the charges related to the motion on the first three 
sphere. 

As the next step we consider the motion of probe Dl-brane in I-brane background. 
Study of homogeneous configurations of probe Dp-brane in similar background has been 
performed in the past in many papers |16, 17, 18, 19, pH, 21, 22, p3, |2^, 26, 27, p^, 29 



32, ^, ^ ^ . Our approach can be considered as generalization of this approach when we 
study Dl-brane with spatial dependent world-sheet modes. We solve equations of motion 
and we find explicit time dependence of the radial mode in given background. Surprisingly 
if we impose the condition that Dl-brane radial velocity is zero we derive conditions that 
have the same form as Virasoro conditions in case of the fundamental string. Then we 
will be able to find relation between energy and conserved momenta that again has similar 
structure as the relation that was derived in case of fundamental string. It would be 
certainly interesting to study dual theory living on I-brane and try to find corresponding 
states that are dual to the classical fundamental string and Dl-brane configurations. 

As the possible extension of our work we suggest to study giant magnon and spike 



configurations on fundamental string in I-brane background following recent works [p4|, 35 



36, 37|. We hope to return to this problem in future. 



^An important issue is whether this higher symmetry is an exact property of string theory in the 
background ([L.1|), or whether it is broken by quantum effects. This issue was carefully discussed in [0]. 



^For review, see |l|, 0, |l|]. 

*For review and extensive Ust of references, see |33|]. 



The organization of this work is as follows. In the next section (g) we review properties 
of I-brane background. In section (^ we study the classical string in given background 
and we find solutions of the equation of motions. In section (Q) we study Dl-brane probe 
in given background and we find exact solutions of the equation of motion with some 
interesting properties. 

2. Review of I-brane Background 

In this section we review the background studied in work [0] . This background is known as 
I-brane background and arises from the configurations of intersecting NS5-branes. Namely, 
we consider the intersection of two stack of NS5-branes. We have fci NS5-branes extended in 
(0, 1, 2, 3, 4, 5) directions and the set of k2 NS5-branes extended in (0, 1, 6, 7, 8, 9) directions. 
Let us define 

y = (x^,x^,x^,x^) , 

(2.1) 

and presume that we have ki NS5-branes localized at the points z = and k2 NS5- 
branes localized at the points y = 0. The supergravity background corresponding to this 
configuration takes the form 

$(z,y) = $i(z) + $2(y) , 
g^lu = Vtiy , /U, i^ = 0, 1 , 

9ap = e2(*2-'J'2{oo))5^^ ^ ^^^^ ^ -eo,p^sd^^2 , a, /3, 7, 5 = 2, 3, 4, 5 , 
dpi = e2^*^-*^(°"))<5pg , Hpqr = -epgr.S^^i , v,q,r,s = 6, 7, 8, 9 , 



(2.2) 



where $ on the first line means the dilaton and where 



2(*.-*.(oo)) ^ H2{y) = § , A2 = k^ll 

(2.3) 



where we consider the near horizon limit of given background. Then the metric takes the 
form 

ds^ = -df + dxl + ^drf + ^drl + Xidnf^ + Asdf^^^^ , (2.4) 

(3) (3) 

where dil.\ and dilg correspond to the line elements on the unit three sphere in the form 

dnf^ = del + sin^ ^i#? + cos^ Oidipf , 



< ^1 < I , = </>! , Vi < 27r , 

< 02 < ^ , = </.2 , 7^2 < 27r . 

(2.5) 

Finally, we choose the gauge where the non-zero components of NS two form take the form 



fti'V=Aicos2 0i, 6g)^^=A2Cos2 02. 



3. Fundamental String in I-brane Background 



(2.6) 



In this section we study dynamics of fundamental string in I-brane background. Our 
starting point is the Polyakov form of the string action in general background 

S = -^f dadri./^r^gMNdax'^dpx'' - e''^do.x^'dpx''bMN] + 

1 r , 

+ -— dadrJ-jR^ , 

^T^ J-TT 

(3.1) 

where 7"^ is a world-sheet metric, R is its Ricci scalar and e'^'^ = —e'^'^ = 1. Finally, the 
modes x , M = 0, . . . , 9 parameterize the embedding of the string in given background. 
The variation of the action (|3.l| ) with respect to x implies following equations of motion 



^\^l'^'^dKgMNdaX^dpX^ + jdaiV^l^^dKMdiS 



JRX^^ 



- Tr^5<,[e"^5^x^^6i,M] + ^,e'-^d^x^'df,x^dKhMN + ^dK^^f^R = . 
zttq' 47ra' 47r 

(3.2) 

Further, the variation of the action with respect to the metric components imply the 
constraints 

Tap = 1= ^ ^p, = —;9MNdaX dpx - Rap + 

■y/— 7 07"'^ a 

+ (V,V^X*^)9Af $ + {dax'''dpx'')dMdN^ - 

- \lap [^l^'d^x'''d5x''gMN -R^ + T^'^VaA • 

(3.3) 
As the first step we introduce two modes pi and p2 defined as 

n = e^/^ , r2 = ev^ . (3.4) 



In the second step, following ||2| we introduce two modes r, y through the relation 

Qr = -j^Pi + ^T=P2 , Qy = -j^Pi - —r^P2 > (3-5) 



where 

Using these transformations it is easy to see that the dilaton $ depends on r only 

$ = $^ + $2 = -Qr + $0 , 

(3.7) 

where $0 = '^iloo) + <l>2(oo). With the help of the variables r, y the action for string in 
/-brane background takes the form 

S = -- — J / dadT[y/^j°''^ {-datdpt + dard^r + daydpy + 



— / dadrJ—^RQr , 

47r 



(3.8) 



where x"^ label angular coordinates corresponding to S^, S"! respectively. In the conformal 
gauge 7q,/3 = rjap the constraints (^]^) that follow from the variation of the action (^ 
take simpler form 

Taa = TT^i-datdat - Ortdrt + d^rdaV + drvdrr + d^yday + S^yS^y + 

+ gmnd.x^d^x'' + 5„„a,x™a,x") - Qdlr , 
TVr = ■^(-5^*5,^^ - c^T-tS^t + d^rd^r + S^-rS^r + d^yd^y + drydry + 

+ 9mn5,a;"^a,x" + g„„a,x™a,x") - Qdlr , 

Tra = —{-drtdat + drVd^r + drydry + gmndaX^drX^) - Qd^drV . 



a' 



(3.9) 



Looking on the form of the background ( |2.4D we observe that the action ( |3.8D is invariant 
under following transformations of fields 

t'(r,cr) = t(cr, r) + ei , 

y'(r,cr) = y(r,cr) + e^ , 

V'i(T,cr) = V'i(t,o-) + e^, , 

V'2('^.cr) = '02(t,cj) + e^2 , 

</'i ("^^ cr) = (Ai (t, ct) + £</,! , 

</'2(t,o-) = 02(T,cr) +e<^2 , 

(3.10) 



where et,ey,€^-^^,e^^2 are constants. Then it is simple task to determine corresponding 
conserved charges 

P, = ^ £ dadA , Py = -^ £ dad^y , 

1 r 
1 r 



1 /■'' 

-^02 = -^;^/ C?Crb<^2</>2^r02 + &</.2V2^^V'2] • 



(3.11) 



Note that Pj is related to the energy as Pt = —E. 

Our goal is to study the dynamics of string that moves and wraps two spheres 5^^ 2 
simultaneously. Explicitly, let us consider following ansatz 

r = r{T), y = y{T), t = kt, 
9i = 61 = const , Vi = ^iT + ^lO" ) 4>i = ^iT + w-ic , 

62 = 62 = const, -02 = W2r + 712(7 , (/>2 = V2T + "1-20" ■ 

(3.12) 



Let us now study the equations of motion ( p.2[ ) for string moving in the background 
|2.4|). In conformal gauge the equations of motion for t, y, r take the form 



dc.[r^dpt]=^ , a<,[r/"%r]=0, a<,[r/"%y]=0 (3.13) 

that we solve as 

t = KT, r = VrT + ro , y = VyT + yo . (3.14) 

Further, the equations of motion for 61 and 62 for constant 0's take the form 

Ai sin 6*? cos 6'f . n n 2 1 ^ ^ 1 ^ 

-[i/;^ — rrii — iOi + ni + Ztoimi — Ivirii] = L) , 



27ra' 



A2 sin 61^ cos 6*^ 2 2 2,2 



27ra' 



Z^2 — "^2 ~ '-^2 + ^^2 + 2lj02m2 — 2z^2^2] = . 



(3.15) 



(3.16) 



Finally, the equation of motion for (/>! in I-brane background takes the form 



(3.17) 



that is automatically obeyed for ( 3.12| ). In the same way we can show that the equations 
of motion for ipi,(l)2,il^2 are obeyed with the ansatz ( p.l2 ). Further, it is easy to see that 
for 



iOi = vi , mi = n-i , 
UJ2 = iy2 , m2 = n2 



(3.18) 



the equations of motion ( ^.151) , (|3.16| ) are satisfied as well. 

As the next step we are going to analyze Virasoro constraints (|3.9| ). The constraint 
Tra = implies 

Ai sin^ 9'{vimi + Ai cos^ 9'{u)ini + A2 sin^ 02^2"i2 + M cos^ 02'^2"'2 = . 

(3.19) 

If we insert ( |3.18| ) into (3.19) we obtain the condition 

Ai _ U!2'm2 

X2 uJimi 

that can be solved as 



(3.20) 



Ai 

mi = -m2 , u)2 = —uji ■ 
A2 



(3.21) 



Note that this solution is valid for any constant 61 2- O^i the other hand the Virasoro 



constraints T^ 



TT -^ rjrj 



imply 

K^ + vl + vl + \i{ujI + ml) + \2{ujI + m^) = 



(3.22) 



Let us now determine the form of the conserved charges Pt, Py, P^j,-^ , P(f,2 , P-^ii and P^^ for 
the ansatz ( 3.12| ) 



1 1 



a' 
Ai 



a' 



Pw,i = — -[-cos'' 6*^^! + cos'' 6*^7711] , 
a 

-Pw,, = — 7 [- COS^ 6*2^2 + COS^ 02"T'2] , 

a 

P^, = ^[-sm^eii^i-cos^eini] , 
a 

P^2 = -yi- sin^ Oo'^i - cos^ 6*2^.2] . 
a 



(3.23) 



Inverting these relations we can express uJi,uJ2,m,i and 7712 as functions of conserved charges 



a 



" ^p^, sin^ ei - p^, cos2 ei] , 






[P^,sm^9'2-P<p,cos^02] ■ 



(3.24) 



Then using ( |3.22 ) we find the dependence of energy on the conserved charges in the form 



Ai A2 

Ai(27rmi)2 A2(27rm2)2 
^ (2to')2 ^ (27ra')2 ' 

(3.25) 

where ttii = —m2, Pr is radial momentum ^ and where P^^, P^^ are related to P^^ and P^^ 
as 

p _^2p ..2^c ,,,2.c^ , p A2 / sin^g^cos^gf + cos^gisin^g; 
P<t>. - ^^0.(sm 02 -COS e,)+P^,- ^ — ^^^ 

. A2 „ 9 .. A2 „ cos^ 6*^ 



^ P^ ros2 9^+^P, ^ 2 ^_„2 ^c .;„2 ^c^ 
^^P^,COS (^2+ ^^^i^r^^^^oc 



^^, = 2^P^, cos" 9^2 + T^^^i r::!^ (cos" ^1 - sin" ^i 



(3.26) 
We see that in spite of the fact that angular momenta are related through the relations 



(3.26) the dispersion relation between energy and conserved charges takes rather simple 
form. Then it would be really interesting to identify corresponding states in dual I-brane 
world-volume theory. 

4. Dl-brane in I-brane Background 

In this section we generalize discussion presented in previous section to the case of Dl- 
brane that moves in I-brane background. Recall that the dynamics of probe Dl-brane in 
general background is governed by the action 

S = Sdbi + Swz , 

Sdbi = -n I'cf^e-^V-detA , 

Aa/3 = daX^'disX^gMN + (27ra )j^„/3 , 

^al3 = daAp - df^Aa - {27ra)~^bMNdaX^^ d/sX^ , 

(4.1) 

where ri = 2:^ is Dl-brane tension, ^",a = 0, 1,^*^ = TtC^ = f are world-volume coordi- 
nates and where Aa is gauge field living on the world-volume of Dl-brane. 

If we now perform the variation of (^]^) with respect to x we obtain following equa- 
tions of motion for x^ 

-Ti(9A/[e~*]V-det A 

- -^e.^'^idMgKLdaX^dpx^ - duhKhdaX^ dpx^) (A^^)^" V-det A -F- 

+ ndale'^^gMNdfiX^ {^~^) s" V- det A] - 

- Tida,[e-'^hMNdpx^ [J^'^Ya V-detA] = . 

(4.2) 



''Note that the motion of the classical string along radial direction in I-brane background is free when 
we impose conformal gauge. 



In the same way the variation of p.lD with respect to A^ imphes following equation of 
motion 

9«[e-* {A-^f^ V-detA] = . (4.3) 

Now we concentrate on dynamics of Dl-brane in I-brane background and consider ansatz 

t = KT, r = r{T) , y = y{T) , 
■01 = oJiT + ni(T , 4>i = viT -\- mia , 

^^2 = i^2T + ri2(T , 4>2 = V2T + 771,2(7 

(4.4) 
and hence the matrix elements A^^^ take the form 

Jl I -2 I -2 I \ •^'2. /I , .2 I \ „^^2 /I , .2 I \ '^1 ^ , .2 I \ „„^2 n , .2 



L-p'j- 



-/s: +r + ?/ + Ai sin 0iz^;l+Aicos i9iu;i + A2 sin 02^2+^2COS ^2^2 



00 'JO 00 00 

Ao-cr = Ai sin Q\m^ + A2 cos ^iti;^ + A2 sin 02'n'2 + A2 cos 02"'2 ' 

Arcr = Al sin ^iT^i 7771 + Al cos ^1^1771 + A2 sin 02^2^-2 + A2 cos 021^2^2 — 

— Ai COS Q\{v\n\ — wim-i) — A2 cos Q2{v2f^2 — '^2"i-2) + (27ra')F , 

Ao-T = Ai sin ^iz^im-i + Ai cos 0iwi77i + A2 sin 02Z^2"^2 + A2 cos 02'^2f^2 + 

+ Ai cos^ Q\{y\n\ — ijj\m\) + A2 cos^ 6*2(2^2^2 — ci;27772) — (2-ko!)F , 



(4.5) 



where F = Fra, r = drT, y = drV- Again, it is easy to see that the time dependence of 
y is y(T) = yo + VyT. 

As the next step we use the fact that (14.31) implies an existence of conserved flux 11 



V-detA 
Then, after some algebra, we obtain 

V- det A = [-T^^A^^ + Ml , 



e *(A,,)^ _^ ^^g^ 



M = - a;,a<,„ + (A,,)* (A,,,)* , a;, = A,, - f 



(4.7) 



where A'^^ and M are constants. 

In order to find the time dependence of r let us consider the equation of motion for 
x'^ = t that for the ansatz ( [4.4[ ) implies an existence of the conserved quantity 

"; ^"" =A, A = const . (4.8) 

V- det A ^ ' 

Then using (^^) we easily determine the differential equation for r 



M A_n2 /^ AL e2Q^' 



A^ y M^2_A2^n2 52 • 

(4.9) 



The differential equation given above can be easily integrated and we obtain the result 



1 ^ / (MA^-ALn^)gg ^^. ^^^^^ 



where we imposed the initial condition that at time tq = Dl-brane is localized in its 
turning point where r = 0. 

As the next step we solve the equations of motion for 4'i^2,4'i,2- For example, let us 
consider the ansatz ( [4. 41 ) in the equation of motion for 01 

9a [e-*5f0,^i 5/301 (A^^)^" V- det A] - da[e''^b^^^^dpiji (A"^)^" V- det A] = 



e"*A e"*(A )^ 



(4.11) 



where in the first step we used the fact that 5,^101 is constant for constant 6i, in the second 
step the fact that det A is a function of r only and in the final step ( |4.8| ) and ( |4.6| ) . In the 
same way we can show that the equations of motion for ipi, (j)2,tp2 are satisfied. 

Let us now analyze the equations of motion for 0i , ^2 • For constant 9i its equation of 
motion takes the form 

e^ ^ 

Vl + e2*nV-A.rA,, + {ArayHAr^)S "" 

Since A,-^ contains r it is manifestly time dependent. Then in order to obey ( 4.12| ) we have 
to demand that 

'^^ = 2Ai sin 6*1 cos 9i {ml — nf) = , 
J^ = 2Ai sin 01 cos 0i {uji — i^i ) = . 

OUl 

(4.13) 

We solve these equations by imposing following relations 

mi = ni , uji = Vl . (4-14) 

Then it is easy to see that -gf^ = Ai sin^i cos0i(z^i7ni — wini) is satisfied for ( [4.14| ) as 
well. In the same way we derive 

1712 = n2 , <JJ2 = V2 (4-15) 

from the equation of motion for 02- Then we obtain 

M = -K^ + u^ + \x{uj\ + n\) + \2{Ji + n\) , 
A„„ = Xinf + X2nl , 
(Ao-r)"^ = Aiojini + X2UJ2n2 . 



(4.16) 



10 



As follows from the form of the I-brane background Dl-brane possesses following conserved 
currents 

-Tie~^ Qyydpy (A~^)^" \/- det A , 

-Tie-'^gttdpt (A~^)^" V- det A , 

-ne"* [5,^1 </,! (9/301 (A^^)^" + 6</,iV;i 5/3^1 (A~^)^"]\/-det A , 

-ne"* [5^2,^2(9/302 (A"-^)/ + 6<^2V2^/3V'2 (A"^)^"]V-det A , 

-Tie"*[fl'^i^,5/3V'i (A"^)_^° + 6^^0^5/301 (A"^)^"]\/-detA , 

/^2 - ^g ^ - -ne~*[5'v.2»/'2^/3V'2 (A"^)^" + b^2^^df3^p2 (A~^)^"]V-det A . 

(4.17) 

These currents are conserved as a consequence of the equation of motion: 

daJ^ = 0, a; = (t,0i,02,V'i,^2) . (4.18) 

Then corresponding conserved charges take the form 

/'27r f2n 

Pt = / daJl , Py= daj^ , 

Jo Jo 

f27T p2Tl 

P<t>i,2 = / daj^_^ 2 ' -f''/'i,2 = / daj^p^ ^ 
Jo ' Jo ' 



Uy 


5day 


Jt- 


5C 
6dat 




5C 

6da(t>i 


qOL _ 


6C 

6da(t)2 


qa _ 


5C 


-7° - 


5C 



(4.19) 



that, for the ansatz ([4.4[) are equal to 



Pt = —Ti2tTkA , Py = Ti2TTVyA , 



D o -2/) .AiA2(n2u;i -u;2ni)n2 2 a rr 

P^-^ = ivrri sm OiA — ^ — ^ zvrriAiCOS t^inill , 

n n 2/) ,AlA2(n2Wl -W2?^l)n2 2n TT 

P^-^ = ZTTTi COS aiA — 2 T — o '" ^'^''"lAl COS Pinill , 

Ain;^ + A2n2 



,2 a ^XlX2{n2UJ]j-U^i)ni ^__ ^ ^_2, 
Ainf + X2nl 



P^2 = — ZTTTi sm 82A — 2 T — 2 27rriA2Cos t'2^2-'-'- 



D o 2 a .\iX2{n2UJi-uJ2ni)ni ^ 

^tl>2 = — iVTTl COS U2A 2 ^ 2 h^TTTiAlCOS t^2'^2J-J- • 

Airij^ + A2n.2 



(4.20) 



The remarkable property of the solution given above is that there is not any relation 
between energy and angular momenta. Remember that in case of the fundamental string 
an existence of this relation follows from the Virasoro constraints. Interestingly we can 



11 



find similar relation when we impose the condition r = 0. In fact, as follows from (| 
this situation occurs when 

A2(-A;,A.. + (A..)^(A..)^) - A2^n2 = . 

(4.21) 

The equation above can be solved with the ansatz 

a;, = A,, = -A,, , (A,,)^ = , U^ = A\ (4.22) 

where we used the fact that for r^ = 0, A'^^ = A,-,-. Using these prescriptions we derive 
constraints that have similar form as Virasoro constraints for fundamental string. 

Further, using ( [4.22| ) it is easy to see that the equation of motion for 6i is solved 
with the ansatz ( [4.14 ) and the equation of motion for $2 with the ansatz ( [4.15| ) . Then the 



condition {A-ra)^ = implies 

Xiujini + \2n2uJ2 = (4.23) 

that can be also solved as 

UJ2 = uJi-— , ni = -n2 (4.24) 

M 

that has again the same form as the relations derived in previous section. Then, for ( |4.23| ) 

and for yl = 11 we obtain 

Pf = —Ti2'KliK , Py = Til'KYiVy , 

P^j = 27rTinAi[sin^ ^iLJi — cos^^imi] , 
P0J = 27rrinAi[cos ^iliJi + cos Oimi] , 
P^2 = 27rrinA2[sin^ 92UJ2 - cos^ 6*2^2] , 
P^2 = 27rrinA2[sin^6'2a;2 + cos^02"i2] , 

(4.25) 



where again L02,m2 are related to uji,mi through the relations ( 4.24| ) that allow to express 



P^2 J ^^2 ^s functions of P^-^^ , P^^ exactly in the same way as in previous section. Further, 
the condition 

A,, + A„, = (4.26) 



implies 
and hence 



K^ = vl + Xi{ujI + nl) + A2(wi + nl) (4.27) 



E^ = P^ + y{P^, + P^,f + Ai(27rTinni)2 + 



+ ^(^02 + Pi^2? + A2(2vrTinn2)^ . 
A2 



(4.28) 



The relation given above has similar form as the relation that was derived in previous 
section for special case Pr = 0. Since 11 determines the number of fundamental strings that 
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propagate on the world-volume of Dl-brane we can interpret the solution given above as a 
bound state of IT fundamental string and one Dl-brane that is localized in radial direction. 
It is a great challenge to find corresponding interpretation of this configuration in dual 
holographic theory. 
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